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(54) Aromatic polyimide and gas separation 

(57) An aromatic polyimide having a recurring unit of the formula (I): 




(I) 



wherein Ar is a divalent aromatic group having one or two benzene rings which has a sultanate group of -S0 3 H, -S0 3 M ; 
and -S0 3 N(L) 4 on the ring wherein M is an alkali metal and L is a hydrogen atom or an alkyl group having 1 to 5 carbon 
atoms, is favorably employed in the form of a semipermeable film for gas separation. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to an aromatic polyimide, a semipermeable film of aromatic polyimide and a gas 

separation method utilizing a semipermeable film. 

BACKGROUND OF THE INVENTION 

10 An aromatic polyimide has been widely employed in various industrial fields, for instance, in the form of film, sheet, 

molded article, semipermeable hollow fiber, or varnish For instance, an aromatic polyimide is employed as material 
for electronic devices, electro-insulating materials, material for gas separating devices, and material for medical de- 
vices. 

A representative aromatic polyimide is produced by polycondensation between an aromatic tetracarboxylic dian- 
15 hydride such as pyromellitic dianhydride or biphenyl tetracarboxylic dianhydride and an aromatic diamine such as 
diammodiphenyl ether in equimolar amounts in an organic solvent to give a polyamide acid, and imidization of the 
polyamide acid by heating, or processing in an acid anhydride such as acetic anhydride. 

Japanese Patent Provisional Publication 63-283704 discloses an aromatic polyimide film for separation or con- 
centration of an aqueous organic solution The aromatic polyimide has a sulfonate group on its aromatic ring As the 
20 polyimide, a reaction product between pyromellitic anhydride and an aromatic diamine having a sulfonate group on its 
aromatic ring is mentioned 

Japanese Patent Provisional Publication 63-283707 discloses an amphoteric polymer film having an aromatic 
skeleton chain and both an anionic group and a cationic group on the skeleton chain. As the polymers to be made 
amphoteric, polyamide, polyamideimde, polyimide ; polyurea ; polyurethane, polysulfone, and polyether are mentioned. 
25 As the tetracarboxylic acid anhydride for the preparation of the polyimide, trimoilitic anhydride or pyromellitic anhydride 
is used. The amphoteric polymer film is proposed for the use for separation or concentration of an aqueous organic 
solution 

Japanese Patent Provisional Publication 58-1 53541 discloses an ion exchange resin of sulfonated polyimide which 
is produced by reaction between 1 ,2,3,-butanetelracarboxylic acid and a diamine compound having a sulfonate group 
30 Japanese Patent Provisional Publication H3-1 37928 discloses a gas separation film which is composed of a sem- 

ipermeable aromatic polyimide or polyamideimide layer and a selective layer of poly-2,6-dimethy!-1 ,4-phenylene oxide 
or the like. The polyimide is produced by reaction between pyromellitic anhydride and diaminodiphenyl ether 

Japanese Patent Provisional Publication H5-1 92552 describes a polyimide gas separation film. The polyimide is 
produced by tetracarboxylic dianhydride and a diamine component having a bisphenylfluorein skeleton Which has a 
35 carboxylate group or a sulfonate group on its benzene ring. 

Japanese Patent Provisional Publication H6-87957 {corresponding to United States Patents 5,145.940 and 
5,198,316, and EP-B-471 650) describes a copolyimide which is produced by reaction between a carboxylic acid com- 
ponent mixture comprising an aromatic tetracarboxylic acid component and an aromatic tricarboxylic acid component 
and an aromatic diamine The aromatic diamine has a sulfonate group on its aromatic ring. The copolyimide is em- 
Jo ployable for producing a relief image. The copolyimide can be made in the form of a semipermeable film for separation 
or concentration of an organic carboxylic acid salt Irom other compounds. 

The present inventors have studied the sulfonate group-containing aromatic polyimide or copolyimide of prior art 
and noted that these polymers are not easily produced or do not show satisfactory mechanical strength. 

is SUMMARY OF THE INVENTION 

It is a mam object to provide a new aromatic polyimide which is favorably employable for the preparation of a 
semipermeable film. 

It is another object to provide a new semipermeable aromatic polyimide film. 
50 It is a further object to provide a new semipermeable hollow fiber favorably employable for gas separation. 

There is provided by the present invention an aromatic polyimide having a recurring structural unit of the formula (I): 



ss 



EP 0 747 418 A1 



5 




wherein Ar is a divalent aromatic group having the formula (II) : 

10 



15 



20 




in which at least one of R 1 through R 4 is a sulfonate group selected from the group consisting of -S0 3 H, -S0 3 M and 
-S0 3 N(L) 4 wherein M is an alkali metal and L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms (e.g.. 
25 methyl, ethyl, propyl isopropyl, butyl, isobutyl, oramyl). and others of R 1 through R 4 arc independently hydrogen atoms 
or alkyl groups having 1 to 3 carbon atoms (e.g., methyl, ethyl, propyl, or isopropyl): or the formula (III) 



30 



35 




■to m which at least one of R 1 through R 8 is a sulfonate group selected from the consisting of -S0 3 H, -S0 3 M. and -S0 3 N 
(L) 4 . wherein M is an alkali metal and L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms, and others 
of R 1 through R 8 are independently hydrogen atoms or alkyl groups having 1 to 3 carbon atoms, and X is a single bond 
(i.e., C-C). -O-, -S0 2 -, -NH-, an alkylene group having 1 to 3 carbon atoms, or an alkenylene grow having 1 to 3 carbon 
atoms. 

•*s There is further provided by the invention a semipermeable film of an aromatic polyimide having a recurring struc- 

tural unit of the above-mentioned formula (I) 

It has been found that the sulfonate group-containing aromatic polyimide of the invention is easily produced and 
shows a high mechanical strength. II has been further found that the sulfonate group-conlaining aromatic polyimide of 
the invention is satisfactorily employed in the form of a semipermeable film such as a semipermeable hollow fiber for 

50 gas separation, because it shows a high mechanical strength and further a high selectivity in gas separation procedures, 
for instance, gas separation between oxygen and nitrogen, or helium and nitrogen, and gas separation of hydrogen or 
carbon dioxide from a gaseous mixture. 

DETAILED DESCRIPTION OF THE INVENTION 

55 

The preferred embodiments of the present invention are described below 

1) the above-mentioned aromatic polyimide, wherein Ar has the formula (II) having the sulfonate group represented 
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by -S0 3 N(L) 4 in which each of L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms 

2) The aromatic polyimide ; wherein Ar has the formula (II) having the sulfonate group represented by -S0 3 H 

3) The aromatic polyimide, wherein Ar has the formula (II) having the sulfonate group represented by -S0 3 M in 
which M is Li, Na or K 

5 4) The aromatic polyimide, wherein Ar has the formula (III) having the sulfonate group represented by -S0 3 N(L) 4 

in which each ol L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms, and X is a single bond (i.e., 
C-C bond). 

5) The aromatic polyimide, wherein Ar has the formula (III) having the sulfonate group represented by -S0 3 H and 
X is a single bond 

10 6) The aromatic polyimide, wherein Ar has the formula (III) having the sulfonate group represented by -S0 3 M in 

which M is Li, Na or K. and X is a single bond. 

The aromatic polyimide of the invention which has the sulfonate group of -S0 3 N(L) 4 on the aromatic ring can be 
prepared by a process which comprises reacting a biphenyltetracarboxylic acid or its derivative (e g , its dianhydnde) 
is with an aromatic diamine compound having the a sulfonate group which is represented by the formula (IV) or (V): 



20 



25 




in which R 1 to R 8 and X have the aforementioned meanings, in essentially equimolar amounts in a phenolic solvent 
30 The resulting aromatic polyimide having a recurring structural unit of the formula (I): 




40 wherein Ar has the same meaning as above, except that at least one of R 1 to R 4 is a sullonate group of -S0 3 N(L) 4 
wherein L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms. 

can be brought into contact with an acid or an alkoxide or hydroxide of an alkali metal to convert the sulfonate group 
of -S0 3 N(L) 4 into the sulfonate group of -S0 3 H or - S0 3 M in which M has the same meaning as above. 

It is almost impossible to produce the aromatic polyimide having the -S0 3 H or -S0 3 M group on its benzene ring 
is directly by ihe reaction between a biphenyltetracarboxylic acid or its derivative and an aromatic diamine having -S0 3 H 
or -S0 3 M group on its benzene ring 

Examples of the biphenyttetracarboxylic acid or its derivative include 3,3\4 ; 4' -biphenyltetracarboxylic acid, its di- 
anhydride and its esters, and 2,3,3' 4'-biphenyltelracarboxyhc acid, its dianhydnde and its esters 

Examples of the aromatic diamine having a sulfonate group which is represented by the formula (IV) or (V) include 
so the following 

ammonium 25-diaminobenzensulfonate 
trimcthylammonium 2,5-diaminobcnzoncsulfonatc, 
triethylammonium 2,5-diammobenzensulfonate, 
55 tributylammonium 2,5-diaminobenzensulfonate 

triamylammonium 2,5-diaminobenzensulfonate 
ammonium 2 : 4-diaminobenzensulfonate 
tnmethylammonium 2,4-diaminobenzenesulfonate, 
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tnethylammonium 2,4-diammobenzensulf orate 
tnbutylammonium 2.4-diammobenzensulfonate 
tnamylammonium 2,4-diaminobenzensulfonate. 
ammonium 2.4-diammobenzene-1.5-disulfonate 

5 trimethylammonium 2,4-diaminobenzene-1 ,5-disulfonate, 

tnethylammonium 2,4-diaminobenzene-l .5-disulfonate : 
tnbutylammonium 2,4-diaminobenzene-l ,5-disulfonate, 
tnamylammonium 2,4-diaminobenzene-l : 5-disulfonate, 
ammonium S^'-dimethyl^^'-diaminobiphenyl-S-sulfonate, 

10 trimethylammonium 3,3'^imethyl-4.4'<liaminobiphenyl-5-sulfonate, 

triethylammonium S.S'-dimethyl^^'-diaminobiphenyl-S-sulfonate, 
tnbutylammonium 3,3'-dimethyl-4.4'-diaminobiphenyl-5-sulfonate 1 
triamylammonium 3 ; 3'-dimethyl-4,4'-diaminobiphenyl-5-sulfonate, 
ammonium S^'-dimethyl^^'-diaminobiphenyl-e.G'-disulfonate, 

is trimethylammonium 3,3'-dimethyl-4 ; 4'-diaminobiphenyl-6,6'-disul1onate 

tnethylammonium 3 1 3 , -dimethyl-4 ; 4 , -diaminobiphenyl-6,6 , -disulfonate ! 
tnbutylammonium a.S'-dimethyl^^'-dianninobiphenyl-e^'-disulfonate, 
tnamylammonium 3,3'-dimethyl-4 ; 4'-diaminobiphenyl-6 : 6'-disuitonate, 
ammonium benzidine-2,2'-disulfonate ; 

20 irimethylammonium benzidine-2 ? 2'-disulfonate. 

tnethylammonium benzidine-2,2'-disulfonate ; 
tributylammonium benzidine-2,2'-disu!fonate, 
triamylammoniun benzidine^^'-disulfonate, 
ammonium 4 ; 4'-diaminodiphenylether-2-sulfonate ! 

2S trimothylammonium 4,4'-diaminodiphcnylcthcr-2-sulfonatc : 

triethylammonium 4,4'-diaminodiphenylether-2-suUonate, 
tributylammonium 4.4'-diaminodiphenylether-2-sulfonate, 
triamylammoniun 4,4'-diaminodiphenylether-2-sultonate ; 
ammonium 4,4'-diaminodiphenylether-3-sulfonate ; 

30 trimethylammonium 4,4'-diaminodiphenylether-3-sulfonate, 

tnethylammonium 4,4'diaminodiphenylether-3-sulfonate, 
tributylammoniun 4.4'-diaminodiphenylether-3-sulfonate. 
triamylammonium 4,4'-diaminodiphenylether-3-su!fonate, 
ammonium 4,4'-diaminodiphenylether-2.2'-disulfonate, 

35 trimethylammonium 4,4 , -diaminodiphenylether-2.2 , -disul1onate, 

triethylammonium 4,4'-diammodiphenylether-2,2'-disijlfonate, 
tributylammonium 4,4'-diaminodiphenylether-2,2'-disulfonate, 
triamylammonium 4,4'-diammodiphenylether-2.2'-disulfonate, 
ammonium 4 : 4'-diaminodiphenylsu1fone-3-sulfonate ! 

•*o trimethylammonium 4,4'-diaminodiphenylsulfone-3-sulfonate. 

triethylammonium 4,4'-diammodiphenylsulfone-3-sul1onate. 
tributylammonium 4 ; 4'-diaminodiphenylsulfone-3-sul1onate. 
triamylammonium 4,4'-diaminodiphenylsulfone-3-sul1onate. 
ammonium 4,4'-diaminodiphenylsu!fone-3 ! 3'-disulfonate, 

4 $ trimethylammonium 4 ! 4'-diaminodiphenylsultone-3.3'-disultonate ) 

triethylammonium 4.4'-diaminodiphenylsulfone-3 1 3'-disulfonate ; 
tributylammonium 4,4'-diaminodiphenylsulfone-3 ; 3'-disulfonate, 
triamylammonium 4,4'-diaminodiphenylsulfone-3,3'-disulfonate, 
ammonium 4 ; 4'-diaminodiphenylmethane-2,2 , -disulfonate, 

so trimethylammonium 4 ; 4'-diaminodiphenylmethane-2,2'-disulfonate, 

triethylammonium 4,4'-diaminodiphenylmethane-2,2'-disulfonate 1 
tributylammonium 4,4'-diaminodiphenylmethane-2,2'-disulfonate, 
tnamylammonium 44 , -diaminodiphcnylmcthano-2 ! 2'-disulfonatc, 
ammonium 4 ! 4'-diaminodiphenylmethane-3,3'-disulfonate, 

55 trimethylammonium 4,4'-diaminodiphenylmethane-3 ! 3'-disulfonate ! 

triethylammonium 4,4'-diaminodiphenylmethane-3.3'-disulfonate, 
tributylammonium 4,4'-diaminodiphenylmethane-3 : 3'-disulfonate, 
triamylammonium 4,4'-diaminodiphenylmethane-3,3'-disulfonate, 
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ammonium 4,4 , -diaminodiphenylamme-2-su!fonate : 
trimethylammomum 4 ; 4'-diamjnod[phenylamine-2-sulfonate 
triethylammonium 4,4'-diaminodiphenylamine-2-sulfonate, 
tributylammonium 4.4'-diaminodiphenylamine-2-sulfonaie, 
triamylammonium 4.4 , -diammodiphenylamine-2-sulfonaie, 
ammonium 4,4'-diaminostilbene-2.2'-disulfonate, 
tnmethylammoniunn 4,4'-diaminostilbene-2,2'-disulfonate, 
triethylammonium 4,4'-diaminostilbene-2,2'-disulfonate, 
tributylammonium 4 : 4'-diaminostilbene-2,2'-disurfonate, and 
triamylammonium 4,4 , -diammostilbene-2,2'-disulfonate 



The reaction between the diphenyltetracarboxylic acid or its derivative and the sulfonate group-containing aromatic 
amine of the formula (IV) or (V) for polymerization(polycondensation) -imidization is favorably performed in a phenolic 
solvent The phenolic solvent preferably has a melting point ol not higher than approximately 100°C, preferably not 

f5 higher than 80°c, and a boiling point (at atmospheric pressure) of not higher than 300*0, preferably not higher than 
280°C. Examples of the phenolic solvents include monohydnc phenols such as phenol, o-cresol, m-cresol, p-cresol, 
3,5-xylenol, carvacrol. and thymol; catechol; and halogenated monohydnc phenol in which a hydrogen atom on the 
benzene ring is replaced with a halogen atom such as 3-chlorophenol, 4-chlorophenol : 3-bromophenol, 4-bromophenol, 
2,4-dibromophenoL 2-chloro-4-hydroxytoluene. 2-chloro-5-hydroxytoljene, 3-chloro-6-hydroxytoluene, 4-chloro-2-hy- 

20 droxyloluene, 2-bromo-4-hydroxytoluene, 2-bromo-5-hydroxytoluene, 3-bromo-6-hydroxyloluene, and 4-bromo-2-hy- 
droxytoluene. Most preferred halogenated phenol is 4-chlorophenol. 

The reaction for polycondensation-imidization is generally performed in the phenolic solvent at 100 to 250°C, 
preferably at 130 to 200°C, under removing the produced water The reaction period generally is 10 to 60 hours. The 
reaction can be performed by a batch system or by a continuous system. 

25 The polycondcnsation reaction and imidization reaction can proceed simultaneously in scries in one step to yield 

a polyimide solution in which the desired polyimide is dissolved in the phenolic solvent. The amount (i.e. , concentration) 
of the polyimide in the phenolic solution preferably is in the range of 5 to 50 weight %. If the phenolic polyimide solution 
per se is employed for directly producing a semipermeable film such as a semipermeable hollow fiber, it preferably 
has a polyimide concentration in the range of 10 to 40 wt.%, more preferably 12 to 25 wt%, and a rotation viscosity 

30 at 100°C (i.e., viscosity measured by a rotation viscometer at 100°c) in the range of 10 to 8,000 poise, particularly 100 
to 3,000 poise. An excessively high or low rotation viscosity may disturb the production of semipermeable film having 
a good quality 

The semipermeable film of the invention can be produced from the polyimide solution by known film-making meth- 
ods such as dry method, wet method, and dry/wet method. The dry/wet method which comprises the steps of spreading 

35 the polyimide solution on a support or extruding the solution into an gaseous phase, introducing the spread or extruded 
polyimide solution into a coagulating liquid to give a coagulated polyimide ; washing the coagulated polyimide to remove 
the coagulating liquid, and heating the yielded product to dryness is preferably employed for producing a semiper- 
meable film showing good permeability and high selectivity. 

The coagulating liquid preferably is a polar solvent which does not dissolve the polyimide and is compatible with 

■to a solvent for the polyimide. Examples of the coagulating liquids include water, alcohols such as methanol, ethanol, 
propanol and isopropanoL and ketones such as acetone, methyl ethyl ketone, diethyl ketone and ethyl propyl ketone 
These solvents can be employed singly or in combination. A mixture of water and an alcohol such as ethanol is pref- 
erably employed for preparing an asymmetric semipermeable film (e.g., semipermeable hollow fiber) having excellent 
permeability and high selectivity. 

•*s The coagulated film is washed with an alcoholic solvent such as methanol ethanol, propanol or isopropanoL and 

further washed with an inert solvent such as an aliphatic hydrocarbon (e.g., isopentane, n-hexane, isooctane, or n- 
heptane). Thus washed product is then dried and heat-treated to give the desired semipermeable film, preferably 
having the asymmetric structure. The heat treatment is preferably performed at a temperature lower than the softening 
temperature or second-order transition temperature of the polyimide employed. Generally, temperatures in the range 

50 of 90 to 400°C are adopted 

The semipermeable film can be in the form of a flat film, a folded film, or a semipermeable hollow fiber. The sem- 
ipermeable film preferably is in the form of a semipermeable hollow fiber, because the semipermeable hollow fiber give 
a large effective permeation surface The semipermeable hollow fiber can be produced by known methods such as 
those described in Japanese Patent Publication 61-35282, Japanese Patent Publication H1 -44804 (corresponding to 

55 United States Patent 4,460,526). and Japanese Patent Publication H6-93988 

The conversion of the obtained aromatic polyimide having on its benzene ring the -S0 3 NI(L) 4 group (i.e. , ammonium 
sulfonate group) into the corresponding aromatic polyimide having the -S0 3 H or -S0 3 M (i.e , a sulfonic acid group or 
an alkah metal sulfonate group) is preferably performed When or after the polyimide is coagulated in the coagulating 
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solvent to give a semipermeable film by incorporating an acid or an alkali metal alkoxide (or an alkali metal hydroxide) 
inlo the coagulating solvent Otherwise the conversion can be performed after the semipermeable film is formed by 
bringing the semipermeable film into contact with a solvent containing an acid or an alkali metal alkoxide (or an alkali 
metal hydroxide). 
5 The conversion may be done locally or in part. 

The acids employable for the conversion may be inorganic acids or organic acids Examples of the acids include 
mineral acids such as hydrochloric acid, sulfuric acid, and nitric acid, and saturated aliphatic acids such as formic acid ; 
acetic acid, propionic acid, butyric acid, valeric acid, and caproic acid. Other acids which can convert the ammonium 
sulfonate group into a sulfonic acid group may be also employed. 
10 in the coagulating liquid, the acid is incorporated in an amount of 0.001 to 50 mol/L particularly 0.01 to 10 mol/L, 

for efficiently convert the ammonium sulfonate group into the sulfonic acid group. The conversion is preferably per- 
formed at room temperature. Even when the acid is employed for converting the ammonium sulfonate group into the 
sulfonic acid after the semipermeable film is formed, the acid is preferably employed in an aqueous acidic solution 
which may be mixed with an organic solvent such as alcohol or ketone The period required for conversion may be 1 
15 sec to 100 hours, preferably 1 mm. to 10 hours 

The alkoxide of alkali metal may be an alkoxide with 1 to 5 carbon atoms of an alkali metal such as lithium, sodium, 
potassium, or cesium. Examples ot the hydroxides of alkali metal include lithium hydroxide sodium hydroxide, potas- 
sium hydroxide, and cesium hydroxide. The alkoxide or hydroxide of alkali metal can be employed for conversion of 
the ammonium sulfonate group into the alkali metal sulfonate in the manner as described above for conversion of the 
20 ammonium sulfonate group into the sulfonate acid group 

A (epresentative, but non-limitative, process for the production of a semipermeable hollow fiber is set forth below 

A polyimide dope solution having a rotation viscosity of 10 to 10,000 poise, particularly 100 to 6,000 poise which 
has been prepared in a phenolic solvent through polymerization-imidization is extruded into a gaseous phase through 
a nozzle for forming hollow fiber at an extruding temperature of 60 to 1 50°C preferably 70 to 1 20*C, to give a product 
25 jn the form of a hollow fiber The product is then introduced into a coagulating solvent (preferably an alcoholic solvent 
or a mixture of water and an alcohol) maintained at -10 to 4 60°C, preferably -5 1o i40°C, to give a coagulated product. 
The coagulated product is washed with an alcoholic solvent and an aliphatic hydrocarbon solvent, and then heated to 
dryness to give the desired asymmetric semipermeable hollow fiber. 

Thus obtained semipermeable hollow fiber has a high mechanical strength, high selectivity, and high gas perme- 
30 ability and is favorably employed for a gas separation film, for instance, for the separation between oxygen and nitrogen, 
separation between helium-nitrogen, separation of hydrogen from a gaseous mixture, or separation of carbon dioxide 
from a gaseous mixture. 

The present invention is further described by the following examples. 



35 EXAMPLE 1 



Ninety-nine (99) mmol. of S^'.^'-biphenyltetracarboxylic dianhydnde (BPDA), 100 mmol. of triethylammomum 
2,4-diaminobenzenesulfonate (m-DABS-Et 3 N), and 1 95 g of 4-chloropheno! were placed in a separable flask equipped 
With a stirrer and a nitrogen gas-supplying tube. The mixture was heated to 1 60°C under stirring for 45 hours to perform 
polymerization-imidization reaction to give a 4-chlorophenol solution containing 23 wt.% of an aromatic polyimide hav- 
ing a triethylammonium sulfonate group. 

Thus obtained aromatic polyimide solution was passed through a stainless steal sieve of 400 mesh to give a dope 
solution 

The dope solution was introduced into a nozzle for preparation of hollow fiber (outer diameter of the round opening: 
•*s 1 ,000 urn, width of slit at the opening: 200 urn, outer diameter of the core opening: 400 jam) of a spinning machine, 
and extruded from the opening of the nozzle into air. The extruded dope solution in the lorm of a hollow fiber was 
passed through atmosphere of dry nitrogen gas and introduced into a first coagulating liquid (ethanol) kept at 0°C and 
then guided into a vessel containing second coagulating liquid (ethanol) kept at 0°C and equipped with a pair of guiding 
rolls. In the vessel, the dope solution in the form of a hollow fiber was moved forward and backward repeatedly to 
so completely coagulate the hollow fiber of the dope solution. The coagulated dope solution in the form of a hollow fiber 
was drawn by a draw off roll at a draw rate of 1 5 m/min. 

The drawn hollow fiber was wound around a bobbin and washed completely with ethanol. The ethanol on the fiber 
was then replaced with isooctanc which was in turn evaporated at 100°C to dryness The dried hollow fiber was then 
heated to 270°C for 30 mm, to give the desired hollow fiber of an aromatic polyimide having the triethylammonium 
55 sulfonate and in the form of asymmetric structure. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 350 u.m and a wall thickness of 60 
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EXAMPLE 2 



The procedures of Example 1 were repeated except lor replacing the ethanol of the first coagulating liquid with an 
aqueous ethanol (80 wt .%) to produce a hollow fiber of an aromatic polyimide having triethylammonium sulfonate group. 
5 The resulting aromatic polyimide hollow fiber had an outer diameter of 345 jam and a wall thickness of 57 jam. 



Example 3 



The procedures of EXAMPLE 1 were repeated except for replacing the ethanol of the first coagulating liquid With 
an aqueous ethanol (75 wt.%) to produce a hollow fiber of an aromatic polyimide having triethylamonium sulfonate 
group. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 350 u.m and a wall thickness of 57 u.m. 



EXAMPLE 4 

15 

The procedures of Example 1 were repeated except for replacing the ethanol of the first coagulating liquid with an 
aqueous ethanol (60 wt.%) to produce a hollow fiber of an aromatic polyimide having triethylammomum sulfonate group. 
The resulting aromatic polyimide hollow fiber had an outer diameter of 355 jam and a wall thickness of 60 jim. 



20 EXAMPLE 5 



Ninety-nine (99) mmol. of 3,3\4,4'-biphenyltetracarboxylic dianhydnde (BPDA). 100 mmol. of triethylammonium 
O^'-dimethyM^'-diaminobiphenyl-S-sulfonate (OST-Et 3 N) 1 and 361 g of 4-chlorophenol were placed in a separable 
flask equipped with a stirrer and a nitrogen gas-supplying tube The mixture was healed to 1 60°c under Stirring for 1 9 
25 hours to perform polymcrization-imidization reaction to give a 4-chlorophcnol solution containing 16 Wt.% of an aro- 
matic polyimide having a triethylammonium sulfonate group 

Thus obtained aromatic polyimide solution was passed through a stainless steal sieve of 400 mesh to give a dope 
solution 

The procedures of Example 1 for producing a hollow fiber were repeated to produce a hollow fiber of an aromatic 
30 polyimide having triethylammonium sulfonate group 

The resulting aromatic polyimide hollow fiber had an outer diameter of 380 u-m and a wall thickness of 80 urn. 

[Evaluation of Permeability and Selectivity] 

35 The permeability and selectivity of the semipermeable hollow fiber was evaluated in the following manner 

A gas separation module was produced by forming a bundle of the semipermeable hollow fiber using stainless 
steal pipes and epoxy resin adhesive and encasing the formed bundle of the semipermeable hollow fiber into a stainless 
steal vessel The effective surface area of the bundle of the semipermeable hollow fiber was approximately 5 cm 2 . 
A gaseous mixture (He/O^^- 30/30/40) was supplied into the vessel at 50°C under the pressure difference (be- 
<to tween the inside and outside of the hollow fiber) of 1 0 kg/cm 2 so as to pass the gaseous mixture into the inside of the 
hollow fiber through its wall. The gas collected from the inside of the hollow fiber as well as the gas having passed the 
wall were analyzed by gas chromatography to determine the gas permeation rate (P 1 ) in terms of Ncc/(cm 2 -sec.-cmHg). 
The results of evaluation are set forth in Table 1 . 

45 Table 1 



Example 


Gas Permeation Rate (1 0" 5 Ncc/(cm 2 -sec-cmHg)) 


Selectivity (Rate of Separation) 


P'He 


P'0 2 


P'He/P'N 2 


P'CyP'N 2 


1 


5.3 


0.29 


69 


37 


2 


3.8 


0 16 


134 


5.8 


3 


5.8 


021 


147 


5 7 


4 


7.4 


0.26 


134 


47 


5 


3 3 


0.33 


33 


3.3 



EXAMPLE 6 

The procedures of Example 1 were repeated to produce a coagulated dope solution in the form of a hollow fiber 
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which was then drawn by a draw off roll at a draw rate of 15 m/min 

The drawn hollow fiber was wound around a bobbin and washed completely with ethanol Thus washed hollow 
fiber was immersed in an aqueous hydrochloric acid (6 mol/L) at room temperature for 2 hours so as to convert the 
triethylammoniun sulfonate group into a sulfonic acid group Thus treated hollow fiber was washed with ethanol com- 
5 pletely. The ethanol on the fiber was then replaced with isooctane, which was in turn evaporated at 100°C to dryness. 
The dried hollow fiber was then heated to 270°C for 30 min to give the desired hollow fiber of an aromatic polyimide 
having a sulfonic acid group and in the form of asymmetric structure 

The resulting aromatic polyimide hollow fiber had an outer diameter of 350 u.m and a wall thickness of 60 jam. 



10 EXAMPLE 7 



75 



The procedures of Example 6 were repeated except for replacing the ethanol of the first coagulating liquid with an 
aqueous ethanol (75 wt%) to produce a hollow fiber of an aromatic polyimide having a sulfonic acid group. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 350 u.m and a wall thickness of 57 um. 

EXAMPLE 8 



The procedures of Example 5 were repeated except for replacing the ethanol of the first coagulating liquid with an 
aqueous ethanol (60 wt.%) to produce a hollow fiber of an aromatic polyimide having a sulfonic acid group. 
20 The resulting aromatic polyimide hollow fiber had an outer diameter of 345 u-m and a wall thickness of 60 um. 



EXAMPLE 9 



The procedures of Example 6 were repeated except for replacing the aqueous hydrochloric acid (for acid treatment) 
25 with an ethanol solution containing 20 wt.% of hydrochloric acid to produce a hollow fiber of an aromatic polyimide 
having a sulfonic acid group. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 352 u.m and a wall thickness of 61 um 



EXAMPLE 10 

30 

Ninety-nine (99) mmol. of 3,3'A4'-biphenyltetracarboxylic dianhydnde (BPDA), 100 mmol. of triethylammomum 
S^'-dimethyMA'-diaminobiphenyl-S-sulfonate (OST-Et 3 N), and 341 g of 4-chbrophenol were placed in a separable 
flask equipped with a stirrer and a nitrogen gas-supplying tube. The mixture was heated to 160°C under stirring for 19 
hours to perform polymerization-imidization reaction to give a 4-chlorophenol solution containing 16 wt. % of an aro- 
35 matic polyimide having a triethylammonium sulfonate group 

Thus obtained aromatic polyimide solution was passed through a stainless steal sieve of 400 mesh to give a dope 
solution 

The procedures of Example 6 for producing a hollow fiber were repeated except for changing the period of acid 
treatment from 2 hours to 30 minutes to produce a hollow fiber of an aromatic polyimide having a sulfonic acid group. 
•io The resulting aromatic polyimide hollow fiber had an outer diameter of 350 \in\ and a wall thickness of 60 urn 



EXAMPLE 11 



The procedures ol Example 10 were repeated except for changing the period of acid treatment from 30 minutes 
to 2 hours to produce a hollow fiber of an aromatic polyimide having a sulfonic acid group. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 361 u.m and a wall thickness of 65 um. 



[Evaluation of permeability and Selectivily] 



50 The permeability and selectivity of the semipermeable hollow fiber was evaluated in the aforementioned manner 

The results of evaluation are set forth in Table 2. 



Table 2 



Example 


Gas Permeation Rate (10" 5 Ncc/(cm 2 -sec-cmHg)) 


Selectivity (Rate of Separation) 


P'He 


P'0 2 


P'He/P'N 2 


P'0 2 /P'N 2 


6 


40 


0.19 


37 


1.7 
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Table 2 (continued) 





Example 


Gas Permeation Rate (10' 5 Ncc/(cm 2 -sec-cmHg)) 


Selectivity {Rate of Separation) 


P'He 


P'0 2 


P'He/P'N 2 


p'cyp'No 


5 


7 


7.5 


021 


111 


3.1 




8 


6 3 


0.20 


70 


2.2 




9 


4.3 


0.22 


40 


2.0 




10 


4.5 


0.3B 


36 


3.0 


10 


11 


57 


0.43 


40 


3.0 



EXAMPLE 12 



The procedures of Example 2 were repeated to produce a coagulated dope solution in the form of a hollow fiber 
is which was then drawn by a draw off roll at a draw rate of 15 m/min. 

The drawn hollow fiber was wound around a bobbin and washed completely with ethanol. Thus washed hollow 
fiber was immersed in an ethanolic solution containing sodium methoxide (1 mol/L) at room temperature for 3 seconds 
so as to convert the irielhylammonium sulfonate group into a sodium sulfonate group Thus treated hollow fiber was 
washed with ethanol completely. The ethanol on the fiber was then replaced with isooctane, which was in turn evap- 
20 orated at 100°c to dryness The dried hollow fiber was then heated to 270°C for 30 min. to give the desired hollow fiber 
of an aromatic polyimide having a sodium sulfonate group and in the form of asymmetric structure. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 350 u.m and a wall thickness of 60 u.m 



25 



30 



EXAMPLE 13 

The procedures of Example 12 were repeated except for prolonging the period of immersion of the hollow fiber in 
the sodium methoxide-containing ethanol solution from 3 seconds to 10 seconds, to produce a hollow fiber of an 
aromatic polyimide having a sodium sulfonate group 

The resulting aromatic polyimide hollow fiber had an outer diameter of 350 jam and a wall thickness of 57 (am. 

EXAMPLE 14 



The procedures of Example 12 were repeated except for prolonging the period of inversion of the hollow fiber in 
the sodium methoxide-containing ethanol solution from 3 seconds to 30 seconds, to produce a hollow fiber of an 
35 aromatic polyimide having a sodium sulfonate group. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 345 u.m and a wall thickness of 60 urn. 

EXAMPLE 15 



40 The procedures of Example 12 were repeated except for replacing the sodium methoxide-containing ethanol with 

an aqueous sodium hydroxide solution (0.05 mol/L) and prolonging the period of immersion of the hollow fiber in the 
aqueous sodium hydroxide solution from 3 seconds to 30 seconds, to produce a hollow fiber of an aromatic polyimide 
having a sodium sulfonate group 

The resulting aromatic polyimide hollow fiber had an outer diameter of 349 urn and a wall thickness of 62 urn 

45 

EXAMPLE 16 



The procedures of Example 1 2 were repeated except for replacing the sodium methoxide-containing ethanol with 
an aqueous sodium hydroxide solution (0.05 ml/L) and prolonging the period of immersion of the hollow fiber in the 
aqueous sodium hydroxide solution from 3 seconds to one minute to produce a hollow fiber of an aromatic polyimide 
having a sodium sulfonate group. 

The resulting aromatic polyimide hollow fiber had an outer diameter of 353 urn and a wall thickness of 60 urn. 

EXAMPLE 17 

The procedures of Example 12 were repeated except for replacing the sodium methoxide-containing ethanol with 
an aqueous sodium hydroxide solution (0.05 mol/L) and prolonging the period of immersion of the hollow fiber in the 
aqueous sodium hydroxide solution from 3 seconds to 3 minutes, to produce a hollow fiber of an aromatic polyimide 
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having a sodium sulfonate group. 

The resulting aromatic polytmide hollow fiber had an outer diameter of 350 um and a wall thickness of 62 urn 

EXAMPLE 18 

5 

The procedures of Example 12 were repeated except for replacing the aqueous ethanol (80 wt.%) of the first 
coagulating liquid with a 60 wt.% aqueous ethanol and prolonging the period of immersion of the hollow fiber in the 
sodium methoxide-contaming ethanol solution from 3 seconds to 30 seconds, to produce a hollow fiber of an aromatic 
polyimide having a sodium sulfonate group. 
JO The resulting aromatic polyimide hollow fiber had an outer diameter of 349 urn and a wall thickness of 61 u.m 

EXAMPLE 19 

Ninety-nine (99) mmol, of 3,3\4 ; 4'-biphenyltetracarboxylic dianhydride (BPDA), 100 mmol. of tnethylammonium 
S.S'-dimethyM^'-diaminobiphenyl-S-sulfonate (OST-Et 3 N), and 341 g of 4-chlorophenol were placed in a separable 
flask equipped with a stirrer and a nitrogen gas-supplying tube. The mixture was heated to 1 60°C under stirring lor 45 
hours toperform polymenzation-imidization reaction to give a 4-chlorophenol solution containing 1 6 wt % of an aromatic 
polyimide having a tnethylammonium sulfonate group 

Thus obtained aromatic polyimide solution was passed through a stainless steal sieve of 400 mesh to give a dope 
20 solution 

The procedures of Example 1 2 for producing a hollow fiber were repeated except for changing the period of treat- 
ment with the sodium methoxide-containing ethanolic solution from 3 seconds to 10 seconds to produce a hollow fiber 
of an aromatic polyimide having a sodium sulfonate group 

The resulting aromatic polyimide hollow fiber had an outer diameter of 358 um and a wall thickness of 65 um 

25 

EXAMPLE 20 

The procedures of Example 1 9 were repeated except for prolonging the period of immersion of the hollow fiber in 
the sodium methoxide-containing ethanol solution from 10 seconds to 30 seconds ; to produce a hollow fiber of an 
30 aromatic polyimide having a sodium sulfonate group 

The resulting aromatic polyimide hollow fiber had an outer diameter of 362 um and a wall thickness of 65 u.m. 

EXAMPLE 21 

35 The procedures of Example 1 9 were repeated except for prolonging the period of immersion of the hollow fiber in 

the sodium methoxide-containing ethanol solution from 10 seconds to one minute, to produce a hollow fiber of an 
aromatic polyimide having a sodium sulfonate group 

The resulting aromatic polyimide hollow fiber had an outer diameter of 360 u,m and a wall thickness of 61 (am. 

•to [Evaluation of Permeability and Selectivity] 

The permeability and selectivity of the semipermeable hollow fiber was evaluated in the aforementioned manner. 
The results of evaluation are set forth in Table 3. 

45 Table 3 



Example 


Gas Permeation Rate (lO- 5 Ncc/(cm 2 -sec-cmHg)) 


Selectivity (Rate of Separation) 


P'He 


P'0 2 


P'He/P'N 2 


P'CVP'Ns 


12 


2.0 


006 


109 


34 


13 


1.5 


0.05 


157 


53 


14 


1.6 


005 


144 


4.6 


15 


7.9 


0.29 


111 


4.1 


16 


76 


0.27 


156 


56 


17 


7.7 


0.22 


168 


4.9 


18 


8.0 


0.23 


68 


20 


19 


48 


0.39 


32 


2.6 
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Table 3 (continued) 



Example 


Gas Permeation Rate (10- 5 Ncc/(cm 2 -sec-cmHg)) 


Selectivity (Rate of Separation) 




P'He 


P'Q 2 


P'He/P'KU 


P'OVP'No 


20 


5 7 


046 


26 


2.1 


21 


54 


0.43 


28 


2 2 



10 



15 



Comparison example 1 

Ninety-nine (99) mmol of 3,3',4 : 4'-biphenyltetracarboxylic dianhydride (BPDA), 100 mmol. of 2,4-diaminobenze- 
nesulfonic acid (mDABS), and 217 g of 4-chlorophenol were placed in a separable flask equipped with a stirrer and a 
nitrogen gas-supplying tube. The mixture was heated to 160°C under stirring for 5 hours to perform polymerization- 
imidization reaction. In the course of the reaction, a polymer precipitated, and therefore no homogeneous aromatic 
polyimidc solution was obtained. 



Comparison example 2 



20 



Ninety-nine (99) mmol, of 3 ; 3' ; 4 4'-biphenyltetracarboxylic dianhydride (BPDA) ; 100 mmol of sodium 24-diami- 
noben7enesulfonate (mDABS-Na), and 227 g of 4-chlorophenol were placed in a separable flask equipped with a stirrer 
and a nitrogen gas-supplying tube. The mixture was heated to 160°C under stirring for 4 hours to perform polymeri- 
zation-imidization reaction In the course of the reaction, a polymer precipitated, and therefore no homogeneous aro- 
matic polyimide solution was obtained 



25 



Comparison example 3 



30 



The polymerization-imidization reaction of Comparison example 2 was repeated except for prolonging the reaction 
period from 4 hours to 35 hours and replacing the 4-chlorophenol with the same amount of N-methylpyrrolidone. In 
the course of the reaction, a polymer precipitated, and finally the reaction mixture turned into a gel. Therefore, the 
obtained reaction mixture could not be used for the preparation of a hollow fiber. 

Comparison example 4 



Ninety-nine (99) mmol. of pyromellitic dianhydride (PMDA), 100 mmol. of triethylammonium 2,4-diaminobenze- 
35 nesultonate (mDABS-Et 3 N), and 227 g of 4-chlorophenol were placed in a separable flask equipped with a stirrer and 
a nitrogen gas-supplying tube The mixture was heated to 1 60 e C under stirring for 1 0 hours to perform polymerization- 
imidization reaction. The reaction mixture was turbid, and no homogeneous aromatic polyimide solution was obtained. 



40 



45 



Comparison example 5 

Ninety-nine (99) mmol. of 3,3',4,4'-biphenyltetracarboxylic dianhydride (BPDA), 100 mmol. of triethylammonium 
2,4-diaminobenzenesulfonate (nDABS-Et 3 N), and 218 g of N-methylpyrrolidone were placed in a separable flask 
equipped with a stirrer and a nitrogen gas-supplying tube. The mixture was heated to 160°C under stirring for 40 hours 
to perform polymerization-imidization reaction. In the course of the reaction, a polymer precipitated, and finally the 
reaction mixture turned into a gel. Therefore, the obtained reaction mixture could not be used for the preparation of a 
hollow fiber. 



Claims 

50 



1. An aromatic polyimide having a recurring structural unit of the formula (I): 



55 



■4 r> 
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— N 





^CO 



(I) 



wherein Ar is a divalent aromatic group having the formula (II) : 




(m 



in which at least one of R 1 through R 4 is a sulfonate group selected from the group consisting of -S0 3 H, -S0 3 M, 
and -S0 3 N(L) 4: wherein M is an alkali metal and L is a hydrogen atom or an alkyl group having 1 to 5 carbon 
atoms, and others of R 1 through R 4 arc independently hydrogen atoms or alkyl groups having 1 to 3 carbon atoms: 
or the formula (III): 



in which at least one of R 1 through R 8 is a sulfonate group selected from the consisting of -S0 3 H, -S0 3 M, and 
-S0 3 N(L) 4 . wherein M is an alkali metal and L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms, 
and others ol R 1 through R 8 are independently hydrogen atoms or alkyl groups having 1 to 3 carbon atoms, and 
X is a single bond, -O-, -S0 2 -, -NH-, an alkylene group having 1 to 3 carbon atoms, or an alkenylene group having 
1 to 3 carbon atoms. 

The aromatic polyimide of claim 1 , wherein Ar has the formula (II) having the sulfonate group represented by -S0 3 N 
(L) 4 in which each of L is a hydrogen atom or an alky! group having 1 to 5 carbon atoms. 

The aromatic polyimide of claim 1, wherein Ai has the formula (II) having the sulfonate group represented by 
-SO 3 H. 

The aromatic polyimide of claim 1, wherein Ar has the formula (II) having the sulfonate group represented by 
-S0 3 M in which M is Li, Na or K. 

The aromatic polyimide of claim 1, wherein Ar has the formula (III) having the sulfonate group represented by 
-S0 3 N(L) 4 in which each of L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms, and X is a single 
bond 
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6. The aromatic polyimide of claim 1 wherein Ar has the formula (III) having the sulfonate group represented by 
-SO 3 H. and X is a single bond 

7. The aromatic polyimide of claim 1. wherein Ar has the formula (III) having the sulfonate group represented by 
5 -S0 3 M in which M is Li, Na or K, and X is a single bond 

8. A semipermeable film of an aromatic polyimide having a recurring structural unit of the formula (I): 



w 




wherein Ar is a divalent aromatic group having the formula (II) 



25 




in which at least one of R 1 through R 4 is a sulfonate group selected from the group consisting of -S0 3 H. -S0 3 M 
and -S0 3 N(L) 4 , wherein M is an alkali metal and L is a hydrogen atom or an alkyl group having 1 to 5 carbon 
atoms, and others of R 1 through R 4 are independently hydrogen atoms or alkyl groups having 1 to 3 carbon atoms, 
35 or the formula (III): 



40 



45 




50 in which at least one of R 1 through R 6 is a sulfonate group selected from the group consisting of -SO3H, -SO3M, 

and -S0 3 N(L) 4 , wherein M is an alkali metal and L is a hydrogen atom or an alkyl group having 1 to 5 carbon 
atoms, and others of R 1 through R 6 are independently hydrogen atoms or alkyl groups having 1 to 3 carbon atoms, 
and X is a single bond, -O-, -SO z -, -NH- an alkylonc group having 1 to 3 carbon atoms or an alkenylcnc group 
having 1 to 3 carbon atoms 

55 

9. The semipermeable film of claim 8, which is in the form of a hollow fiber 



10. The semipermeable film of claim 8. wherein Ar of the formula (I) has the formula (II) having the sulfonate group 
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represented by -S0 3 N(L) 4 in which each of L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms 

11. The semipermeable film of claim 8, wherein Ar ol the formula (I) has the formula (II) having the sulfonate group 
represented by -SO 3 H. 

5 

12. The semipermeable film of claim 8, wherein Ar of the formula (I) has the formula (II) having the sulfonate group 
represented by -S0 3 M in which M is Li. Na or K. 

13. The semipermeable film of claim 8 : wherein Ar of the formula (I) has the formula (III) having the sulfonate group 
io represented by -S0 3 N(L) 4 in which each of L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms, 

and X is a single bond. 

14. The semipermeable film of claim 8, wherein Ar of the formula (I) has the formula (III) having the sulfonate group 
represented by -SO 3 H, and X is a single bond. 

15. The semipermeable film of claim 8, wherein Ar of the formula (I) has the formula (III) having the sulfonate group 
represented by -S0 3 M in which M is Li. Na or K ; and X is a single bond 

16. A process for selectively permeating at least one gaseous component from a mixture of gaseous components 
20 through the semipermeable film of an aromatic polyimide of claim 8. 

17. A process for preparing an aromatic polyimide having a recurring structural unit of the formula (I): 



25 




30 

wherein Ar is a divalent aromatic group having the formula (II) : 



35 



40 




in which at least one of R 1 through R 4 is a sulfonate group selected from the group consisting of -S0 3 H and - 
S0 3 M, wherein M is an alkali metal, and others of R 1 through R 4 are independently hydrogen atoms or alkyl groups 
having 1 to 3 carbon atoms, 
or the formula (III): 



55 



-» r 
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70 



R 1 r2 R 3 r« 




R4 R 7 




(III) 



/5 



in which at least one of R 1 through R 8 is a sulfonate group selected from the consisting of -S0 3 H and -S0 3 M ; , 
wherein M is an alkali metal, and others of R 1 through R a are independently hydrogen atoms or alkyl groups having 
1 to 3 carbon atoms, and X is a single bond, -CK -S0 2 -, -NH-. an alkylene group having 1 to 3 carbon atoms, or 
an alkeny ene group having 1 to 3 carbon atoms, 
which comprises the steps of: 



25 



30 



35 



reacting a biphenylletracarboxylic acid or its derivative with an aromatic diamine compound having the formula 
(IV)or(V): 





R2 * S 



R3 \ r4 (W) R 3 R4 R7 




(V) 



in which X has the same meaning as above and at least one of R 1 through R s is a sulfonate of -S0 3 N(L) 4 
wherein L is a hydrogen atom or an alkyl group having 1 to 5 carbon atoms, 

in essentially equimolar amounts in a phenolic solvent to give an aromatic polyimide having a recurring struc- 
tural unit of the formula (I): 



40 



45 




(I) 



50 



wherein Ar has the same meaning as above; and 

bringing the resulting aromatic polyimide into contact with an acid or an alkoxide or hydroxide of alkali metal 



55 



EP0 747 418 A1 



Kuropcan Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 4245 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of dorumrnf wrh indication, where appropriate, 
of relevant passages 



Relevant 
to daim 



Cl.ASSIrKAllUN OK '['HE 
APPLICATION (Int.CI.*) 



D,A 
A 



EP-A-0 471 650 (CIBA-GEIGY AG) 

* claims 1,7,8,13 * 

FR-A-2 050 251 (INSTITUT FRANCAIS DU 
PETROLE, DES CARBURANTS ET LUBRI FI ANTS) 

* page 11, line 15-20; claims 1,5,13 * 

EP-A-0 410 793 (H0ECHST CELANESE 
CORPORATION) 

* claims 1-23 * 



1-17 
1-17 

1-17 



C08G73/10 
B01D71/64 



TECIINirAl.F1FI.nS 
SKARCHEO (lnt.Q.6) 



C08G 
BG1D 



The prevent search report has been drawn up for all claims 



THE HAGUE 



D*t at aa^Hto* oi lb. ukI 

5 September 1996 



Glanddier, A 



CAI LCORV Oh U l fcJJ DOCLMtMS 

X : p^rliculirty relevant if uken alone 

Y : particularly relevant if combined wiih another 

document ol (he anc category 
A : technological background 
O : Bon wt id ca dn demure 
P : intermediate document 



T : theory or principle underlying the invcattnn 
I: : earlier patent docunent, but published on, or 

»Hct the filing date 
D : document cited in the application 
I. : duvuiiKoit uted fur irtbei tasons 

&. : mewber ot the same patent f»rnil>, correspnndm^ 
document 



4 T 



